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Analysis of volatile flavor compounds in fermented milk by
solid phase microextraction-gas chromatography-mass
spectrometry and electronic nose

HU Haimin®, TIAN Jiale”, SUN Silin, NIE Jiaying, HE Binbin, DAN Tong"

Key Laboratory of Dairy Biotechnology and Engineering, Ministry of Education; Key Laboratory of Dairy Products
Processing, Ministry of Agriculture and Rural Affairs; Inner Mongolia Key Laboratory of Dairy Biotechnology and
Engineering, Inner Mongolia Agricultural University, Hohhot 010018, Inner Mongolia, China

Abstract: [Background] Lactobacillus delbrueckii subsp. bulgaricus and Streptococcus
thermophilus are commonly used as yogurt starters, which are widely used in dairy production.
[Objective] Based on the previous study, the compound starter with good flavor was screened out
(1:100). L. delbrueckii subsp. bulgaricus IMAU20312 and S. thermophilus IMAU80809, and
the dynamic variation of flavor compounds in cow milk during the fermentation and storage was
analyzed. The result is expected to lay a basis for the development and application of related
starters. [Methods] We employed solid-phase microextraction-gas chromatography-mass
spectrometry (SPME-GC-MS) and electronic nose to detect and analyze the dynamic changes of
the volatile flavor compounds in milk during fermentation and storage. [Results] A total of
23 acids, 13 aldehydes, 15 alcohols, 18 ketones, 11 esters, and 22 alkanes were produced in the
fermentation and storage of milk. According to odor activity values (OAV), there were two key
flavor compounds (OAV>1) in the fermented milk. Moreover, other compounds such as
1-octene-3-o0l, 3-hydroxybutyraldehyde, 3-methyl-n-butyraldehyde, 2,3-butanedione, 2-nonanone,
and ethyl ester modified the overall flavor of the fermented milk (0.1<OAV<1). According to the
cluster heatmap, the flavor substances produced during fermentation and storage were significantly
different. Similar results were also found by electronic nose detection. [Conclusion] The flavor
compounds produced by the compound starter in milk during fermentation and storage endow
fermented milk a good flavor.

Keywords: Lactobacillus delbrueckii subsp. bulgaricus; Streptococcus thermophilus; solid-phase
microextraction-gas chromatography-mass spectrometry (SPME-GC-MS); volatile flavor
compounds; electronic nose

R LB S A= W5 o ISR 2 LR TR R Tl 38 3 o3 B AR 72 28 FL b i e e R S BB I F
B R TEFL o A BT AR IR 2 R BRI 152 A, R B R R BERRERY L. delbrueckii
Wi o FH TR W5 A= 7 B FLIRR T I ) 32 B 1 L subsp. bulgaricus IMAU80319, Jfil k5 S.
FF B AR 0 ) XS (Lactobacillus - delbrueckii thermophiles NDO3 )42 it & e Hr i o8 1 B fd:
subsp. bulgaricus) Fl Vg # 4k BR 14 (Streptococcus ST L EFZEMILL 10 Bk L. delbrueckii subsp.
thermophilus)[l'z]o Har BA 0 R & e 12 05 bulgaricus AWFFERT G, 103350 BT BRI AR e IR
2 TR SR 07 1 0 B AT DRI A o RIS PR RR S 2R ARk, e RO H AT R A B
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1.1 SEWEH

S5 It FH R R 38 H oA S8t Rl R 2 L AR
YR 5 TR 208 0 T A S 0 2 7L B I o o %
J5 J# (Lactic Acid Bacteria Collection Center,
LABCO)fefit, SE5 bk S HOR IR L3R 1.
1.2 EFEMEERF. LB

MRS KRR FREE, FEERRIRBHL LR
ABRAE; M7 AR EL, & & &R Tk
bel Vi T A= ARG BR A W) o JBEARFLE . 2L
¥3, Fonterra A F) . UM EIE-FTig B L . @ik
FE4 HP-5 BANAEHE(30 mx0.25 mm, 0.25 pm),
Agilent 24 ] ; Rk TSl FE AR B FE T4
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1.3 7%
1.3.1 BEHRIEL

B8 VR T IR PR ) L. delbrueckii subsp.
bulgaricus TMAU20312 HI S. thermophilus
IMAUB0809 T it i L. 1% 5% & (10% B g 7L ¥
0.1%mEEE)hIGiE, FRUL 2%M A E 3 Fh T
MRS Fl M17 @R FRIEH, 37 CiELidysr
3R, ERRIE S A B R .
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Table 1 The experimental strains and isolated

sources

Strain Isolates No. GenBank Isolated
number source

Lactobacillus IMAU20312 HMO058042  Yoghurt

delbrueckii

subsp.

bulgaricus

Streptococcus IMAUS0809 HMO058974  Qula

thermophilus
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x2 ABIALBRIEHAAEELMERNKRDREESER
Table 2 Identification of volatile flavor compounds in fermented milk during fermentation and storage by
SPME-GC-MS

No. Compound Molecular  Retention Content (ng/L)
name formula time Oh 2h 4h 6h 1d 3d 7d 14d 21d
Acids
1 Octadecanoic acid C,3H34,0, 35.98 - 0.65 0.11 047 0.16 0.26 6.76 — -
2 4-hydroxy-butanoic acid C,Hz04 12.18 - - - 030 - - - - -
3 Octanoic acid CsH; 60, 19.48 - 1.89 1.42 1.28 1.87 196 124 137 1.77
4 Nonanoic acid CoH 50, 22.09 - - - - - - - - 0.17
5 n-acetyl- DL-alanine CsHgNO; 1.781 - - 229 283 245 2.01 - - -
6  Butanoic acid C4HgO, 5.892 - - 0.18 0.99 095 0.75 0.86 0.85 0.31
7  Hexanoic acid C¢H 1,0, 13.56 - 845 274 252 156 1.24 1.54 0.99 0.33
8  Tetradecanoic acid C14H2530, 33.51 0.06 0.07 0.04 0.40 0.70 0.10 0.14 0.11 0.19
9 Pentanoic acid CsH;00, 5.848 - - - 0.73 0.89 0.95 1.28 1.34 2.05
10 n-decanoic acid C1oH200, 24.76 5.06 5.09 0.14 021 0.21 0.24 0.65 0.64 0.75
11 3-hydroxy-decanoic acid C,H4,05 32.77 - - 0.11 1.04 - - - - -
12 Octadecynoic acid C3H360, 37.95 1.46 146 0.67 0.61 0.04 0.03 - - -
13 Pentadecanoic acid C,5H300, 34.78 - 0.13 0.16 0.18 0.07 0.02 - - -
14 Acetic acid C,H40, 3.488 - 2,59 1.78 1.82 126 1.18 142 1.56 2.69
15 Heptanoic acid C;H40, 16.33 - - 0.05 0.06 0.08 0.21 0.09 — 0.23
16 Lactic acid C3H404 10.03 - - 237 - - - - - -
17 D-alanine C3;H;NO, 1.413 1.37 1.52 271 217 2.10 1.69 020 — -
18 Dodecanoic acid C1,H,40, 30.08 2.33 233 2.03 2.05 0.03 0.09 0.04 0.05 0.07
19 Alanine C;H,NO, 1.157 12.33 1233 1.12 0.72 0.65 0.75 0.18 0.66 0.63
20 Propanoic acid C;H40;5 4.02 - 8.19 - - - - - - -
21 9-hexadecenoic acid C16H300, 35.69 - - - 0.20 - - - - 13.77
22 n-hexadecanoic acid CiH;,0? 35.92 0.18 2.79 215 2.67 0.16 0.27 0.27 0.11 0.22
23 cis-vaccenic acid C,3H34,0, 37.72 - 0.81 0.04 - - - - - -
Aldehydes
1 Nonanal CoH,30 17.12 - 1.37 034 0.21 0.23 0.08 0.37 0.03 0.42
2 Dodecanal C,H,,0 17.18 - - - - 0.05 0.25 - - -
3 2,4-dimethyl-benzaldehyde CoH,,0 20.47 - - - 030 - - - - -
4 3-hydroxy-butanal C4HgO, 3.933 0.18 1.29 0.17 0.06 0.14 0.26 0.35 0.54 0.53
5 Octanal CgH;O 5.582 - 1.14 0.08 0.12 0.02 0.10 0.22 0.02 0.27
6  3-methyl-butanal CsH,,0 2.434 - - - 0.27 - - - - -
7  5-hydroxymethylfurfural CsHgO5 20.89 - 147 046 - - - - - -
8 Heptanal C,H,0 12.90 0.09 - 0.03 0.23 0.11 0.17 0.26 0.05 0.23
9  Acetaldehyde C,H, O 1.331 - - - 0.21 0.24 0.32 0.54 - -
10 2-chloro-hexanal CgH,,CIO  2.458 0.04 - 035 - - - - 0.35 -
11 Decanal C;0H00 17.12 - - - - - - 0.05 0.03 -
12 (E,E)-2,4-nonadienal CoH,,0 13.29 020 3.07 - - - - - - -
13 3,4-dimethyl-benzaldehyde CoH,,0 20.47 - - - 0.54 - - - - -
Alcohols
1 1-heptanol C;H;6s0 12.57 1.13 1.67 1.65 1.66 1.83 3.56 137 123 1.21
2 3-methyl-2-heptanol CgH 50 5.447 - - - - - - 0.18 — -
3 1-nonanol CoH,00 19.23 0.15 - - - - 0.32 0.23 0.04 -
4 2-heptanol C,;H;40 11.14 - - 0.04 - - - - - -
(F2k)
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(8:%2)
No. Compound Molecular  Retention Content (ng/L)
name formula time Oh 2h 4h 6h 1d 3d 7d 14d 21d
5 1-hexanol C6H140 8.697 1.08 195 1.07 1.15 1.02 1.74 125 1.84 1.25
6  1-octen-3-ol CgH;6O 12.88 0.046 0.71 - - - - - - -
7  tert-hexadecanethiol Ci6H34S 30.88 - - - 033 - - - - 12.1
8 (E)-2-pentenal CsHgO 5.336 - - 0.02 0.03 0.04 0.13 0.16 0.04 0.26
9  1-heptyn-3-ol C-;H,,0 5.02 - - - - - - - 0.13 -
10 2-furanmethanol CsHgO, 9.065 - 0.63 047 022 021 - - - -
11 2-butyl-1-octanol C,Hy0 28.50 - - 0.02 0.40 0.09 0.08 0.03 0.01 —
12 (E)-2-octen-1-ol CsH 6O 12.9 - - 0.04 0.03 0.02 - - - -
13 3-methyl-1-butanol CsH;,0 4.726 - - - - - - - 0.48 -
14 1-octyn-3-ol CgH 4,0 15.58 - - - - - - - - 0.23
15 3,4-dimethylcyclohexanol CsH,O 17.17 0.10 0.13 0.09 0.08 0.05 0.31 036 0.02 —
Ketones
1 2-heptanone CsH;,0 1.78 - - - 0.20 - - - - -
2 2-methyl-cyclopentanone C¢H;00 11.26 - 227 - - - - - - -
3 4-methyl-cyclohexanone C;H;,0 13.60 0.09 1.62 0.09 0.14 0.07 0.28 0.35 0.19 0.33
4 2-methyl-3-pentanone C¢H;,0 2.961 0.07 1.03 - - - - - - -
5 5-methyl-2-hexanone C;H,,0 9.747 145 123 134 123 1.67 1.78 1.60 — -
6 Acetoin C4HgO, 3.31 - - - - - - - - 2.79
7  3,6-dimethyl-octan-2-one CioH00 22.55 - - - 0.31 - - - - -
8  3,3-dimethyl-2-hexanone CgH;O 1.936 337 375 4.13 379 3.64 3.4 320 6.71 6.09
9  2,3-butanedione C4HgO, 1.752 0.04 - - 025 - - - - 0.20
10 2-nonanone CoH;530 16.73 0.15 2.02 0.19 - 0.18 — - - -
11 2,3-pentanedione CsHgO, 2917 1.82 - - - - 4.07 420 490 11.95
12 2-heptanone C,H,0 9.476 0.13 023 0.11 1.74 1.58 1.08 093 — -
13 2-tridecyne Ci3Hyy 24.67 - 0.72 0.033 - - - - - -
14 Acetophenone CsHO 15.81 442 562 478 3.81 320 3.4 331 3.52 3.57
15 3,5-octadien-2-one CsH .0 16.02 0.21 3.12 022 027 0.14 0.59 0.58 0.22 0.22
16 5-methyl-3-hepten-2-one CgH 4,0 14.97 0.933 1.09 0.77 0.78 0.61 0.69 0.48 0.86 —
17 2-pentanone C5H,60 12.41 1.71 253 198 221 1.56 1.74 1.77 240 224
18 1-oxiranyl-ethanone C4HgO, 2.811 - 193 - - - - - - -
Esters
1 Hexadecanoic acid, methyl ester C7H3,40, 35.50 - - - - - - - - 4.00
2 Isopropyl myristate C,7H340, 34.37 - 271 - - - - - 0.09 -
3 Propanoic acid, butyl ester C;H,40, 10.29 - - 020 - - 0.69 0.03 0.71 -
4 Chloroacetic acid, t-butyl ester CoH;5C10; 12.09 - 2.15 - - - 041 - - -
5 4-methylcyclohexanol acetate CoH 60, 3.12 - - - 093 - - - - 0.32
6  Hexanoic acid, ethyl ester CgH 60, 13.64 - - - 0.19 - - - - -
7  Acetic acid, nonyl ester C1H»,0, 19.22 - - 0.05 0.05 0.05 0.08 - - 0.15
8 Hydrazinecarboxylic acid, CgH|(N,O, 5.118 0.04 - - - - 0.11 - 0.07 -
phenylmethyl ester
9  Propanedioic acid, propyl- CeH;004 6.593 - - - - - - - - 1.25
10 Formic acid, ethenyl ester C;H40, 1.665 - - - 0.30 — - - — 0.70
11 1,2-benzenedicarboxylic acid, CyoH3004 34.92 - - - - - - - - 3.06
butyl octyl ester
(GE3)
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No. Compound Molecular Retention Content (ug/L)
name formula time Oh 2h 4h 6h 1d 3d 7d 14d 21d

Alkanes

1 2-nonen-1-ol CoH 30 17.12 0.056 - - - 0.07 0.09 - 0.02 -

2 1-chloro-hexane Ce¢H3Cl  4.784 - - 035 - - - - 0.35 -

3 D-limonene CioHys 14.53 0.11 - 0.07 0.04 0.02 0.09 0.04 0.06 0.17

4 1,3,5-cycloheptatriene C;Hg 4.61 0.17 - 0.16 0.19 0.06 0.39 0.15 — 0.43

5 Ethylbenzene CgHyg 8.18 - - - - 0.02 - - 0.13 -

6  Trichloromethane CHCl; 1.955 - - - 432 349 - 0.21 0.31 -

7  Ethylene oxide C,H,O 1.133 - - - - 041 - 0.30 - -

8 Butylated hydroxytoluene  C;sH,,O  28.91 - - - - 0.04 - 3.04 - 0.15

9 Lactose Ci,H501; 16.32 0.17 - 042 0.10 — - - - -

10 D-fucose CeH,05  5.868 - 0.81 027 - - - 0.22 0.24 -

11 6-methyl-octadecane C9Hyg 25.62 0.074 099 - 0.13 - - - - 0.23

12 2,4-dimethyl-heptane CoH,, 5.805 - - 0.16 0.18 — - 024 - -

13 1-chloro-pentane CsH;;Cl 4.736 043 - 0.33 0.31 037 1.04 047 - 1.04

14 Dodecane C,Hys 15.58 0.10 1.34 0.31 0.85 0.35 0.60 1.84 0.02 -

15 Tetradecane Ci4H3g 25.61 0.05 - 0.11 0.15 0.04 0.18 3.20 0.03 -

16 1-(ethenyloxy)-octadecane  CyoH4O  17.49 - - - 0.20 - 0.08 — - -

17 Butane C4Hyy 7.522 - - - 1.18 — - - - -

18 p-xylene CsHy 8.494 0.05 1.21 0.06 0.11 - 0.15 0.16 0.15 0.20

19 2,4-dimethyl-heptane CoHyg 5.805 - - 0.16 0.18 — - 0.24 - -

20 o-xylene CgHip 8.499 0.058 145 - - 0.08 — - - -

21 (+)-4-carene CioHis 10.99 0.043 - - - 0.05 0.08 0.04 0.01 -

—: RAGINEZ R
—: The substance is not detected.

LR B R A RS ) F R
VR T A & e 5 s i i it BRI
YRR T A LR 8 0 TR A s vp L 4G
ME) 23 PR EY, FEA LR . CRK&F
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10.99 pg/L. ~FRRK T K WEFL2EL T /K R BTk
BRI fERBEQ. 4. 6 WFIE(L. 3. 7.
14 )R A&l 1.89.1.42.1.28,1.87,1.96,
1.24 1 1.37 pg/L, FHHIH G d) & 5 2k E .
CIRW T R LARIR . Rl kRl
T BRI, T8 AT S S ] AR A S
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VIR 4 Fh, 230000 3-FIREIE THE . IF R,
3L T REMIE T 3-H L 0E T oA & 55 7%
RO B | IE oV AN OE T A R i R R
oA M, I T B AR, T AR LA R
TSR, fEAEE 0 h REGIF], 3-2FET
P A2 AR, A TR R I ] 35 9
MWE), =R TR R RRE S Xk i, —
E WL 1 2T T DT BRI 3 38 0 57 A R
EEBE6h, W1, 3. 7d)RMEI L, &8
43R 0.21, 0.24, 0.32 A1 0.54 ug/L.
2y 5 ml Re ok U F 2L AR . LR AR
L FE R A SR I R A R AR AR R SE
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WA A RS 3L 15 F, OAV KT 0.1 1
HA 1-E-3-I, AUE & 1A I3 . Ak,
ARSI I B — e 1-C . 1-REEE SRR
FBERY T . BT REE Y o B B s, —
PN A S Jo ok A e L B A AR A R
ASERG AL E] 18 RPN LAY, FEA
2,3 T fR . 2-F-ld . 2-PEfR . 2- %A%, Hrp
2,3 T M. 2-FFil OAV { KT 0.1, X &mEFL
) 38 R XA AR A A 1 P o 2,3- T i 2 F 5 il
1 o-SF AL IR W RRTIIE B, 72K 6 h Rk
BB R 0.25 pg/Lo 2-PE AN 2 il 35 2 A& 1
FLXBR Y F SR T, IR B-Afk
2SS IR W R S0, AR i, T3 T 2L 40 vl 4
TSR 7 e e S S0 ) B4 B A o
REEFL PRI EERAL &Y 2 ARG TR A
e, R AL P b 2 W RS SR L RR £
B, HRCIHERS . IR OIRER A KR A
Tk, B K PR 1 B3 ATG g I 2 R g s R 1 iy
PRCY, R CTRAEMR T R WAL RMISER . HAE
AMRPT AR K WL e R S0 1) 24 e A 0 1
Bl A P i XK B i =, — A
RPN R EEFL R RN K, (H AR EERL
HFAAE — 2 O Tt (4 L 28 0 Joa ] ™ il 1) 11 g

®3 ABEIPREUERNKAREE OAV A

I gE R,

— T RIRIL A9 OAV H, WE 3. —
WAl OAV>1 [ K oo A e L e ARy
KW MER, 0.1<OAV<1 FI3%E KW T &
[N EER (P A 3 X
22 ABIAPELMXKREEDRERA
THT

R R AR 75 2 KRR AL A5 4 e i 288
ST, R R R R N AT AT,
i 2 L T K D A 0] () 4% ke VAL B ) sh 578
PRI RRAR (8 — 00 AR P, A 52 R F A R &
R 7L K T B ok A v e 7 A B IXUBR ) o gk A 7
BEHr, SR ME 1R, B0, 2h R R
—2, Uk B A ) B TR R T A B XU ) o
S Al B ] f4) UK A S A AN [R) 5 R BE 4. 6 h
RH—2, mMHSEHYIN 1 d BEERGE, Ul
HH & 12 7L 2 1 I B0 R O 3 Ao 390 T 7 A g XU 9
JARARL; W5 3. 7 d RA—FEH HIE 14 d BB
BT, U 2 TR LY AR R B A XU 4 S5 A
U W 21 d 5 A R R R A 25 5
X AT R A R A RIS 0 e e L v TR A K it S
1=, UBRAL G W SN 5 it 5 HoAth A 1o St
T 5] 557, DX 530 BH 2

Table 3 OAV of crucial volatile compounds in fermented milk

No. Compound name Sensory threshold OAV

(ng/l) Oh 2h 4h 6h 1d 3d 7d 14d 21d
1 1-octen-3-ol 1.5 0.033 047 - - - - - - -
2 3-hydroxy-butanal 27.0 0.007 0.05 0.006 0.002 0.005 0.01 0.01 0.02 0.10
3 3-methyl-butanal 1.2 - - - 0.220 - - - - -
4 Nonanal 1.0 - 1.37 0.340 0.210 0.230 0.08 0.37 0.03 0.42
5 Octanal 0.7 - 1.62 0.110 0.170 0.030 0.14 0.31 0.02 0.39
6 2,3-butane-dione 2.3 0.020 - - 0.110 - - - - 0.09
7 2-nonanon-e 5.0 0.030 040 0.030 - 0.030 - - - -
8 Hexanoic acid, ethyl ester 1.0 - - - 0.190 - - - - -
OAV20.1 BRI T — ARAGIN %) 5
Flavor substance with OAV>0.1; —: The substance is not detected.
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Figure 1 Heat map cluster analysis of volatile flavor compounds in fermented milk.
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Figure 2 Analysis of metabolites of volatile flavor compounds in fermented milk.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



BRI TR R B - O 0 - BT 85 5 PR 7 S R 3 A A I L P 3 R AR it 283
A B WIC
3.0 —~=-0h
107 W3S o WSS e 2h
: —a-4h
8 —v—6h
W2w wie 1
& 6 —<-3d
§ ——7d
4 *‘*14(1
——21d
. w2s W6S
5L LI
S =y =y =y =S = Q= e = s
CH L& L8 Q5 QS WsC
@\ 4{’3 $"’> $‘o $‘> Qx\q\\ &'\/&r\, &"’) WIS
B3 BFEXEEREIEEEA)LEEE®)
Figure 3 Box (A) and radar (B) diagram of electronic nose sensor response.
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Figure 4 Heat map cluster analysis of electronic nose.
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bulgaricus F S. thermophilus B2 B H 4] %F 2L,
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